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Abstract

Introduction

A Cream cheese was made by m~x~ng cultured highfat cream (5~% fat) with Queso Blanco curd and by
homogenizing the mix at 70°C. The final product contained 30 . 01. to 33.)% fat and 54 .1 to 54 . 5% moisture.
The Queso Blanco curd was obtained by precipitating the
casein and denatured whey protein from heated whole
milk (b2.~ to SI8.0°C) by bringing the pH to 5. 3-5. 5
with citric acid, using a continuous process. The extent of denaturation of the whey protein portion varied
from 5 to 100%, depending on the heat treatment of the
milk. Scanning and transmission electron microscopy
revealed the development of microstructure at individual manufacturing stages.
A characteristic core-and-lining ultrastructure of
the casein matrix was observed in the Queso Blanco
curd, the nature of which depended on the temperature
of coagulation. Nixing of the curd with the cultured
cream in a Polytron blender dispersed the curd into
particles approximately 50 j.J m in diameter. Su bsequent
homogenization at l7.2J MPa \i.e ., 2,50U psi or 170
atm) further reduced the dimensions of both the protein
(<7 j.J m in diameter) and fat (<) J.J m in diameter) particles and produced a unifonn microstructure.

The development of microstructure in Cream cheese
has been the subject of several studies (4 , 12, l3,
1':1). In general, there are four types of Cream cheese
manufactured. In the traditional system of manufacture,
a c r eam mix is ripened with a lactic bacteria culture,
the curd thus formed is heated, and the whey is drained
(D). In the so-called newly formulat e d method of manufacturing Cream cheese-type products (U), the concentration of the total solids in the cream mix is increased to co rrespond to the final desired composition
of the cheese . This makes draining of the curd unnecessary. The third method employs ultrafiltration of
milk to increase the fat/solids content in the retentate to the approximate composition of the Cream cheese
(6) . Recently, a manufacturing method was developed
(l6, 17), which consists of mixing hig h-fat cultured
cream lt>U-7U % milkfat) with coagulated whey protein
such as Ricotta cheese , or with milk curd such as Queso
Blanco cheese (Latin American White cheese), which contains both casein and denatured whey proteins (l2).
The Canadian standards for Cream cheese (SI) specify a minimum of 30% milkfat while the moisture must not
exceed 55%. Cream cheese spread produc ts must contain a
minimum of 51 % of Cream cheese , no more than t>U % moisture, and a minimum of 24 % milkfat (LO).
The development of microstructure in a Cream
cheese spread based on acid-coagulated whey protein
curd (Ricotta cheese) was described earlier (12), where
it was noted that Ricotta and Queso Blanco cheeses
significantly differed in microstructure. The objective
of this study was to describe the development of microstructure in the Cream cheese made from the latter
starting mate rial.
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Materials and Methods
Preparation of milk curd.
Pooled whole milk obtained from the Cen tral Experimental Farm herd in Ottawa (3. 5% fat , 3.44% protein)
was pasteurized at bl .~ °C for 3U min. One part of this
milk was heated to temperatures between 62. 8 and
~2 . 2°C, and coagula t ed with a l .51. citric acid solution
(w/v ) t o produce final pH between 5. 3 and 5. 5 (measured
at 25 °C) . Ano the r part of the milk was heated to 96980C, held for 10 min, and coagu l ated with the curd
being pr oduced by the same procedure. The temperature
regimens (temperatures, holding times, and sampling)
are shown in Fig. 1.

KEY WORDS: Casein; Core-and-lining st ructure; Cream
c heese, Fat globules ; Latin American White c hees e ;
Queso Blanco.
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Fig. 1. Coagulation of milk with citric acid to final
pH of 5.3-5.5 at varying temperatures and times.
Arrows indicate the temperature (° C) of the milk and
the time (min) at which citric acid was added. All the
curds thus obtained were examined by electron micrcr
scopy. Letters A, B, C, and D mark the samples de scribed in this study.

The coag ulum was drained t hrough a cheese cloth.
The drained curd of the low temperature heat treatment
(62.1> to ll2. 2°C) contained , on an average , 47 .6/o total
sol id s , 2 l. ll'1o fa t, an d 21. 8% t otal protein (20) , and
its pH was 5. 3b. Composition of the c urd obtained by
th e hi gh temperature heat treatment is presented i n
Tab l e 1.
Table 1.
PROTEIN , FAT , AND TOTAL SOLIDS CONTENTS IN 11-IE NILK ,
QUESO BLANCO CHEESE BASE, AND THE FINISHED C~1 CrlliESE
OF 11-IE HIGH TD1PERA1'URE TREATMENT
Compone nt (%) :

Nilk:

Total protein: 3.44±().12
3. ) ljy. 20
Fa t:
Total solids: 1L.06±0 . 17

Queso Bl anco :
20 . 3Q±.O . Uil
15.1':1±.1. 75
45.01jjJ . 61
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the Kjeldahl method (3) and was converted to protein
us ing a factor of 6. 38. pH was measured using a Model
26 Radiometer pH-meter equipped with a combination Jena
Thalamid electrode.
Scanning e l ectron microscopy (SEM).
Drained curd was cut into 1x1x10 IJIJl samples and
the samples were fixed in a 3. 5% glutaraldehyde solution at 6°C for 24 h, dehydrated in a gr aded ethano l
series, defatted in ch loroform, placed in absolute
a l coho l, frozen in liquid Freon 12 at -1 50°C, and
fractured under liquid nitro gen. The fra gments were
criti cal point-dried from carbon dioxide, mounted on
SEM stubs, sputter-coated with go ld (:=e2Q nm), and examined in a Cambridge Stereoscan Mark II scanning electron microscope operated at 20 kV.
Cultured high- fat cream was aspirated into agar
ge l tubes , 1.2 mm in inner diameter, and the tubes were
sealed with agar ge l at both ends (2). The column of
cream was 12-1 5 mm long. The samples were f i xed in a
3. 5% gl utaraldehyde solution at 6°C for 2 h and divided
into two parts. Sampl es in one part were dehydra t ed and
processed for SEM in the same way as the c urd, and
samp l es in the other part were postfixed with an imidazole-buffered (pH 7.4) 2% osmium tetroxide solution at
6°C for 24 h to retain the fat (1). The buffer was
prepared by mixing a 0. 2 M imidazole solution (adjusted
to pH 7.4 with 1 N HCl) with a 0.05 M veronal-acetate
buffer (pH 7.4) at a ratio of 1:1 (v/v). Postfixation
with imidazole-buffer ed Os04 was aimed at r e taining the
fat globules in the sample during subsequent dehydration in a graded e thano l seri es , f reeze-fracturing, and
critica l point-drying from carbo n dioxide. The dried
fragmen t s were sputter-coated with gold and examined as
described above.
In addition, the cream was also examined by co ldstage SEM. The samp l es were placed in hollow SEM sample
holders (11) in such a way as to protrude approximately
1 mm from them, and we r e immediately frozen in Freon 12
at -150 °C. The prot ruding parts of the sampl es were
fract ured off under liquid nitrogen and the freezef ractured samples were coated with go ld by vacuum evaporation using Ka toh' s procedure ( 11, 14 ). Go ld-coated
sampl es were examined a t -11 0 to -1 50°C in th e Cambridge St e r eoscan l1ark II e l ectron micros cope equipped
with a home-made cold s t age. The microscope was operated at 10 kV.
Cream cheese samples at various stages of manufacture were prepared for SEM using procedures similar to
the ones used for the curd samples.
Transmission electron microscopy (TEM).
Small particles (<1111ID3) of the ingredients (cream,
curd) and the Cream cheese at various stages of manufac ture were fixed in a 3.5% glutaraldehyde solution
and postfi xe d wi th imidazole-buffered or veronalacetate-buffered osmium tetroxide solutions. Only curd
samples were fixed unprotected; cream and Cream cheese
sampl es whi ch had been placed on the tip of a needle
were coated with agar gel by dipping them for a fraction of a second in a 2% agar sol (approx. 35 °C warm),
withdrawing the needle from the sample, sealing the
opening in the sample left by the needle with agar gel,
and placing the srunple thus encapsulated into fixative.
Dehydrat ion in a graded e thanol series, embedding in a
Spurr's low-viscosity medium (21), sectioning, staini ng , and electron microscopy in a Philips EM-300 electron microscope operated at 60 kV were routine steps
(5, 7).
Structure dimensions were measured in enlarged
micrographs using a Zeiss MOP-3 digital image analyzer.

I
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Cream cheese:
8 . 22±() . 03
33 . 54jy.24
45 . 85±_0.13

Manufa cture of the Cream cheese.
High-fat cultured cream (58% fat, 0. 7ts% ac idity)
was blended with th e Queso Blan co curd t o yield a
product with approximately 4()-45% solids and L7- 3L%
milkfat. The ingr edients were f irst mixed in a Groen
processing kettle (Nadel TDC/TA- 2USP) and heated to 71 730C. Additional fat dispersion was achieved by 20 s of
mixing in a Polytron blender (Model 45TE) followed by
homogenization in a single- s tage Hanton-Gaulin homogeni zer (Hodel 7694341) at 17. 23 MPa (i.e., 2, 500 psi or
170 atm). The product was packaged directly from the
homogenizer in 450-mL plastic tubs while still hot (68700C ).
Analyses.
Fa t was determined by the pr ocedure of Mojonnier
and Troy (18). Total so lid s were determined by the
vacuum oven procedure (3). Nitrogen was determined by
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extraction of f at f r om the s ampl es, Light arrows point
t o grains in the prote in matrix (p). Dark arrows in:iica t e loosely aggr egat ed pr o tein.

2. SEM of Queso Bla nco c urd p r epared b y coagul a thea t ed mi l k with c itric aci d to a f inal pH 5. 3- 5. 5.
mil k was h ea t ed t o 62 . 8 ° C ( A ), 76. 5 °C (B), B2 . 7 ° C
and 96- 98 ° C (D). Vo i d spaces ( v ) r esu l ted f r om the

Results and Dis cussion

heated at 62.8 °C for 30 min (Fig. 1, sample A), appeared to consist of fibres when broken with a spatula, and
tended to be stringy. It became separated into smaller
particles in the mouth when subjected to sensory evaluation. The curd obtained by acidulating milk heated at
82.2°C and held a t that temperature for 10 min (sample
C) as well as the curd obtained at 96-98°C (sample D)
produced the feeling of smoothness and elasticity. All
the whey protein had been denatured in both samples.
The microstructure of the Queso Blanco curd was
related to the temperature of coagulation and the duration of heating (Figs. 2-4). SEM micrographs (Fig. 2)
show the granularity of the freeze-fractured samples.
The grains, which had diameters of approximately 0.5 11m
in curds B and C and less than 5 11 m in curd D, were
apparently unrelated to the mouthfeel of the samples.
Acid coagulation of heated milk gave the resulting
curd a microstructure significantly different from
renneted curd. This is shown particularly well in the
TEM micrographs. Renneted curd consists of casein

The Queso Blanco cheese base for the Cream cheese
was made by coagulating milk with citric acid at 63980C to a f inal pH of 5.3 to 5.5. In this respect, the
procedure and the curds differed considerably from the
manufacture of renneted curd. The amount of whey protein denatured increased with the increasing heat
treatment. In curds A and B (obtained at 62.8 and
76.7"C, respectively, Fig. 1), 5 and 33 %, respectively,
of the whey proteins were denatured. In curds C and D
(obtained at 82.2 and 96-98 °C, respectively), a total
(100 %) denaturation of the whey proteins had been
achieved, as was determined by the Rowland's procedure
(20).
There was a trend toward an increased compactness
of the curd as the temperature and duration of heating
were increased. Smoothness of the curd as a sensory
attribute increased with the increased compactness of
the samples. The curd obtained by acidulating milk
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Fig. 3. TEM of Queso Blanco curd prepared by coagulating heated milk with citric acid to a final pH 5. 3- 5. 5.
The milk was heated to 62. 8°C (A), 76.5°C (B), 82. 7° C
{C), and 96 - 98° C {D).
In micrograph A, light arrows point to fused protein
grains and dark arrows point to fat globule membrane

r esid ues. In mic r ogr a phs B t o D, dark arro ws point t o
the core-and- lining s truc tura
a = <queous phase ; f = area s in it iall y = c up i ed by fa t;
p = loosely aggregated pro t e in ; r = pro tein in l obular
f orm; s = individua l p rotein grains.

particles fused to ge ther in c hains an d clusters. In
spite of the fusion, individual casein particles can
still be distinguis hed. However, fresh Queso Blanco
curd consists of relativ e ly large protein particles (as
shown in Fig. 2) compose d of transformed casein micelles. The individual casein parti c l es can no longer be
disting uished . The y underwent severe microstructural
changes characterized by the dev elopment of a s o- called
core-and- lining structure (Figs. 3 and 4). This unusual
structure was first observed by H.arwalkar and Kalab (7)
in glucono- o- lac tone-induced skim milk ge ls. A solid
casein micelle core was found to be surrounded by an
outer lining, 30- 50 run thick. There was a void space of
50 to 80 nm between the lining and the core. Indi v idual
casein micelles were easy to distinguish. Similar
structures were also observed in ge ls obtained by precipitating milk at 70- 90°C using o ther acidulants such
as citric and hydrochloric acids (8). The altere d casein micelles were fused into large protein particl es
and the ini t ial micellar outlines we re no more noti ceable .

The cor e-and-lining s truc ture was found on l y in
curd (milk gels) obtained by acidulating hot milk to
the final pH. of 5. 5 or ver y close to it. At pH. 4. 5, the
microstructure of the ge l s r esemb l ed that of renneted
gels (7 , 8). The presence of 6-lac toglo bulin was essential for the deve l opmen t of the core- and-lining s tructure . All the conditions for the development of the
cor e-and- lining s tru cture we r e me t in the preparation
of the Queso Blanco c urd as the mil k was acidula t ed
with citric acid to f inal pH. of 5. 5 at e levated temperatur es. However , the curd obt ained a t 62.8°C exhibited
only partiall y dev eloped core-and-lining structures.
Ill-distinguished protein parti c l es (approximat e l y
0.5 1-1 m in diameter) were fused and apparently f a nned a
continuous matrix (Fig. 3A) , of whi c h SEM provided no
detail (Fig. 2A) . In the cu rd o btaine d at 76. 5 °C , the
protein was found in three distinctly different forms
(Fig. 3B): (a) finely dispersed pr o t ei n parti c l es ,
(b) somewhat more compac t l o bular fo rm of uneven de ns ity , a nd (c) individual sma 11, e l onga ted (l ess than
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Fi g. 4. Detail of the core-and- 1 ining s tructure in the
Queso Blanco curd.
In micrographs A to C, 1 ight arrows point to minute
protein pa rticles. In micrographs B to D, da rk arrows

point to the lining on the sur face of coagulated protein. c =minu t e particles a re compac ted to varying
extent ; p = loosely aggregated pr o t e in; r = pro tein in
lobular form; s = protein grains.

1 )Jm long) , compact particles bearin g si g ns of th e
core-and-lining structure. Pro t ein in the lobular form
was cove red with an enve l ope (lining). In the curd made
a t 82. 7°C , the occurrence of loosely a ggreg ated protein
particl es and of lobular particles was lower (Fig. 3C)
a nd the matrix was fonned mostly by particles in which
the core-and-lining structure was well developed. In
the curd made at 96-98 °C, the protein was in only two
forms . Compact particles, 0. 5- 5 )J m in diameter, predominated. They revealed a well developed core- andlining s tru ct ure with regions of diff eren t density.
Loosely aggregated protein was also present . These
struc tures are shown at g reater detail in Fig. 4: In
curd A, the larger poorly distinguishable fused particles appear to be composed of glo bules, approximately
O. l )J m in diame t e r, i.e. similar to casein micelle dimensions . In the curds B and C, however, considerably
sma ll er particles are seen to form the lobular as well
as the compact protein regions . In curd 0, the cores of
the protein particles appear to be uniform at the

thickness of the sections (approximately 90 nm) examined; the linings and the annular void spaces between t he
linings and the cores are well developed.
The presence of fat in the whole-milk curd is
noticeable in samples which had been defatted for SEM.
Spherical void spaces in the protein matrix indicate
the distribution and dimensions of the fat g lobul es
initially present in the curd (Fig. 2).
The microstructure of cultured hig h-fat cream was
examined by: (a) cold- stage SEM (Fig. 5); (b) conventional SEM following postfixation with imidazole-buffered osmium tetroxide to retain fat (Fig. 6); (c) TEH
after convent ional postfixation (Fig. 7); and (d) TEI1
after postfixation with Os04 in the presence of imidazole (Fig. 8). In spite of the limitations in the control of the extent of freeze-etching using the Katoh' s
(14) procedure for metal coating of f r eeze- frac tured
samples for SEM, the microg raphs provide s ufficient
information concerning the dimensions and the distribution of fat g lobules in the cream (Fig. 5).
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Figs. 5, 6 , 7, and B. Microstructure of cultured
fat cream.
5 = Cold-stage SEM; 6 = Conventional SEM of a
sample postfixed with imidazol~buffere:i osa4 ; 7
of con ventionally fixed cream; 8 = TEM of c ream

MODLER

with imidazol~bufferai osa 4•
Light arrows in Figs. 5 and 6 point t o fa t globule
membranes, dark arrows point t o fractured fat globules.
a = aqueous phase; b = bacteria ; f = fat; p = protein.

higlrcream
= TEM

fixed

~1ost fat glo bules are 3 to 6 ~ m in diameter, as
assessed from the fractures. In samples destined for
conventional SEM, the fat had been fixed with osmium
tetroxide in the presence of imidazole (1) and the
aqueous phase had been remo ved by dehydration and critical-point drying. This step exposed the fat globules
and made it possible to examine the sample in some
depth (Fig. 6). The fat globules appear to be smaller
when viewed by this latter technique than when examined
by cold-stage SEM. There could be two reasons for this
apparent difference. The samples destined for conventional SEM were first dehydrated in ethanol and freezefractured while impregnated with this organic solvent.
It is probable that the dehydration caused the cream
matrix to shrink to some extent. However, no measurements were carried out to support this assumption.
Another reason can be differences in fracturing of the
samples with the aqueous phase present or replaced with
ethanol, as was reported with other produc ts (11).

Experiments on Cottage cheese r evealed that the fracture plane ran preferably between the corpusc l es (casein micelles and lactic acid bac teria) in samples
impregnated with ethanol. In samples with the aqueous
phase present, the fracture plane ran across such corpuscles. The micrographs in Figs. 5 and 6 apparently
provide support for this phenomenon occurring also in
high-fat cream.
TEM micrographs of cream fixed conventionally
(Fig. 7) and cream postfixed with imidazole-buffered
osmium tetroxide (Fig. 8) show the fat glo bules and, in
particular, the fat g lobule membranes, with diffe rent
de grees of contrast. The latter techniqu e makes it
eas ier to distinguish between fat and the aqueous
phase. Small fat globules ( <1 ~ m), such as those seen
to surround the central fat glo bule in Fig. 8, were
rare in the high-fat cream used.
Mixing of the Queso Blanco curd with cultured
cream in the Polytron blender result ed in an
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Fig& 9 - 13. Microstructure of a mixture prepared in a
Pol ytron blender from high-fat c ream and a h i gh-temperature Queso Blanco cur d.
9 = Sample , from which fat had been extracted before
SEM. Large void spaces (dark arrows) indicate fa t globule cluste r s from the added c r eam. Compact prote in
granules ( c , 1 ight arrows) are part of the initial
Queso Blanco curd; small void spaces in the granules
developed due to the extraction of the fat p r esent in
the whole- milk Queso Blanco curd.
10 = Void spaces {v) in t he granular protein matrix {p)
developed as the result of fat extract i on during sample
preparation; fat globule membrane r esidues have been
retained in the void spaces.
11 = SEM of a sample with the fa t retained by fixation
with imidazole- buffered oso • Dark arrows poin t t o
4
ind i vidual fat globules. f = fat; p = protein.
12 = Detail of fat globules {f) with fat r etained in
the protein matrix whi ch has compact { c ) and loose {p)
areas.
13 = TEM shows fa t globul es and large fat {f) p3rticles
in a protein matrix consisting of gr ains having a coreand- lining s tructure ( dar k arr ows) and of chains and

B LA NCO

clusters of 1 oosel y aggregated protein particles ( p ).
b = bacteria .
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Figs. 14 - 18. Microstructure of the Cream cheese prepared by ho£OCJgeniza tion of a mixture of high-temperature Queso Blanco c urd and high-fat cream.
14 = Conventional SEM sh::Ming the reduction in size of
the compact protein particles (c) as well as of the fat
globules as evident from the void spaces (v) in the
finished product.
15 = Detail of the protein matrix consisting partly of
compact protein particles (c) and partly of finely dispersed protein (p); void spaces (v) indica te the presence of small fat globules.
16 = SEM of a sample with the fat retained. The image
appears flat and distinction between the protein (dark
arrow) and fat components ( light arrow) is difficult.
17 = TEM showing the reduction in size and uniform
distribution of fat globules (f) and protein grains
( p) . Protein is a 1 so in the form of short chains cementing the fat globules.
18 = Detail of protein particles cementing minute fat
globules (f). Large dark arrows point to the lining arri
light arrows point to minute particles in the protein
cores (p). Short protein chains (small dark arrows) are
also evident.
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Blanco curd, mostly composed of casein, may be the main
contributing factor.
The emphasis of the manufacture of the Cream
cheese was on the simplicity of the procedure and its
rapidity. For this reason, the relatively long heating
of the milk was replaced with heating to a higher
temperature.
The procedure based on blending Queso Blanco and
Ricotta cheeses with cultured high-fat cream provides
flexibili t y in adjusting the composition of the final
product concerning t~e total solids as well as fat contents. Cultured buttermilk can be used to s t andardize
the fat content and provide additional flavour (17).
The manufacturer also has the option of using different
bacterial cultures in the high-fat sour cream and also
buttermilk to thereby tailor the flavour profile of the
finished product to meet various product specifications.

intermediate product, which was slightly gritty when
tasted, irrespective of the temperature at which the
milk proteins had been coagulated. This product consisted of relatively large protein and fat particles
(Figs. 9-13). The dimensions of the protein particles
varied and their diameters were as large as 50 1J m.
Conventional SEM of defatted samples was particularly
useful in easily distinguishing between the protein and
fat particles (Fig. 9). Small spherical void spaces in
the large protein particles indicated that fat globules
were present in the initial Queso Blanco curd made with
whole milk as the starting material. The void spaces
observed in the micrographs were initially occupied by
fat which was later removed during sample preparation
(Figs. 2 and 9). The proof that the void spaces had
indeed been occupied by fat is provided by SEM of
samples in which residues of fat globule membranes have
been retained (Fig. 10). Figs. ll and 12 show fat
retained in the protein matrix and confirm, by another
preparatory technique, that the protein was indeed in a
corpuscular form. Sections of this product examined by
TEM (Fig. 13) reveal that the core-and-lining structure
has persisted.
Homogenization of the protein-cream mixture at
approximately 70°C resulted in the disintegration of
the protein particles and in a uniform distribution of
the fat globules from the cream (Fig. 14). The dimensions of the compact protein particles were reduced to
less than 7 1J m in diameter. A considerable amount of
the protein was reduced to particles having dimensions
smaller than those of casein micelles in milk (Figs. 15
- 18). Fixation of fat and its retention in the matrix
produced micrographs showing a product in which the
aqueous phase is not apparent (Fig. 16). In this respect, formulated Cream cheese made by the new procedure (14), differs from Cream cheese made according to
the traditional method of manufacture (13). The protein
particles and the fat globules were evenly dispersed in
the aqueous phase as is evident in Figs. 17 and 18. The
small dimensions of the fa t g lobules and their relative
uniformity in the finished product are apparent from
the micrograph. Most fat g lobules were 0.5-1.5 1J m in
diameter and a small number of the largest fat globules
were less than 5 1.1 m in diameter.
The development of microstructure in the Cream
cheese made from the Queso Blanco curd resembles the
Cream cheese spread made from the Ricotta cheese curd
(12) but differs from the traditional Cream cheese as
well as from the newly formulated and imitation Cream
cheese spreads. There is one important difference,
however, between the Cream cheese made from the Queso
Blanco and the Cream cheese spread made from the Ricotta cheese. This difference is caused by differences in
the composition and microstructure of the respective
protein bases used. Queso Blanco curd is more compact
than the whey protein curd; the latter curd consists of
small whey protein particles, approximately 100 nm in
diameter (12). This difference is reflected in the
spreadability of the product. The Cream cheese made
from Queso Blanco does not spread as easily as the
spread made from the whey protein base (17). A higher
total protein content in the Queso Blanco-based Cream
cheese (10.74%) than in the Ricotta-based spread
(8.45 %) may have been the main cause of the poorer
spreadability in case of the product made from the lowtemperature curd (17) but not in the case of the hightemperature curd, where the protein content was comparable (8.22 %) to that in the Ricotta-based spread.
Rather, the more compact protein matrix of the Queso
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M. V. Taranto: Does the manufacturing procedure devised
by the authors have any advantage over the others?
Authors: The procedure devised by the authors has several advantages. (a) It is cost-effective because the
total solids and butterfat can be accurately standardized by the addition of cultured buttermilk. (b) The
hig h-fat sour cream and cultured buttermilk can be made
with different cultures to produce desired flavours.
For example, the high-fat cream can be cultured with
diacetyl-producing bacteria whereas the buttermi lk can
be cultured with high lactic acid-producing bacteria.
(c) There is no syneresis in the pr oduct and this
precludes the necessity to add stabilizers. (d) This
Cream cheese can be produced even by a small manufacturer who does not own Cream cheese manufacturing
equipment and who buys the ingredients (protein base,
hig h-fat sour cream, buttermilk), combines them, and
tailors the product to meet specific texture and flavour requirements.
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M. V. Taranto: On what basis did the authors draw the
conclusion that the differences in the dimensions of
the protein grains in the curds B, C, and D were unrelated to the mouthfeel of the samples?
Authors: Sensory evaluation, reported elsewhere (17),
indicated that both the sample C, obtained at 82. 7°C,
and sample D, o btained at 96-98°C, produced the feeling
of smoo thness and elasticity. The protein grains in
sample C were appr oximately 0.5 ].1 m in diameter whereas
the g rains in sample D were almost 10 times larger
( (5 ].1 m in diameter). Thus the difference i n the grain
dimensions had apparently no effect on the mouthfeel.
M. V. Taranto: The authors have not discussed the effec t of the fat globule size distribution. I would suspect that this structural difference would have played
a role (at least in part) in controlling t he spreadability of the final product. Please cmmnent. Would the
authors also speculate on (discuss) the correlation
between the observed microstructure and the mouthfeel
of the final Cr eam cheeses? What is the controlling
factor: the protein matrix or the fa t globu le size
distributi on? This point would be important in providing manufacturers sound technical means for accurately
controlling the desired final product a ttributes.
Authors : There are many factors which may affect the
spreada bility of the product. The relationship between
the fat globule dimensions and spreadability was not
studied. We agree that this relationship would be interesting and sho uld be the subject of a separa t e
study .

Discussion with Reviewers
P. Resmini: Do the authors know the cream pH at the moment of preparation for electron microscopy?
Authors: Yes , the pH of the cream was 4.4.
R. T. Marshall : Postfixation with imidazole-buffered

osmium t etroxide does not seem to go with the second
and third treatments, i .e . freeze-fractu r ing and critical- po int drying. Please comment.
Author s : Samp l es destined for freeze - fracturing and
cri ti cal-point drying were dehydrated in e thanol . Critica l-point drying was carried out from liquid carbon
dioxide. Both sol vent s are lipophilic and would partially extract fat unless it is fixed . This fixation
was achieved by imidaz o le-buffered osmium tetroxide

(1) .
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